These authors contributed equally to this work
Introduction
Thyroid cancer is a common endocrine malignancy, which stems from follicular or parafollicular thyroid cells. 1 The incidence of thyroid cancer has been growing steadily over the past few decades worldwide. 2 Recently, the American Cancer Society for Health Statistics estimated that about 53,990 new thyroid cancer cases are diagnosed annually, accounting for 3.11% of all newly diagnosed malignancies, and that 2060 people are likely to die of thyroid cancer in the USA in 2018. 3 Thyroid cancer is histologically classified into PTC, follicular thyroid carcinoma, medullary thyroid carcinoma and anaplastic thyroid carcinoma. PTC is the main type of thyroid cancer, which accounts for more than 80% of all thyroid cancers. 4 Although PTC is biologically indolent and has a relatively favorable prognosis with an overall five-year survival rate of 97%, 5 data indicates that about 10-30% of PTC cases show aggressive behaviors and have poor prognosis. 6 Therefore, it is essential to explore its molecular mechanisms and to design effective therapeutic strategies for PTC.
Long noncoding RNAs (lncRNA) are a group of nonprotein coding RNA molecules which are longer than 200 nucleotides. 7 Originally, lncRNAs were thought to be genomic "junk" and "noise", owing to their lack of protein-encoding capacity. 8 So far, many studies have demonstrated that lncRNAs are involved in multiple biological functions and play a crucial role in cancer development and progression, especially through epigenetic regulation, transcriptional and posttranscriptional regulation. [9] [10] [11] Other studies have reported that lncRNAs can act as tumor suppressor genes or oncogenes. 12, 13 For example, lncRNAs GAS8-AS1 and H19 are downregulated and function as tumor suppressors in thyroid cancer. [14] [15] [16] On the other hand, lncRNAs NEAT1 and HOTAIR are upregulated and function as oncogenes in thyroid cancer. [17] [18] [19] [20] Yet, the roles of the vast majority of lncRNAs in PTC are not clearly understood. ZFAS1 (a recently discovered lncRNA) is located on the antisense strand of the Znfx1 (zinc finger NFX-1-type containing) promoter region, and is a host to three small nucleolar RNAs. 21 Many studies have reported that ZFAS1 expression is upregulated in various human cancers, including colorectal cancer, non-small cell lung cancer, hepatocellular carcinoma and osteosarcoma. [22] [23] [24] [25] [26] However, little is known about the functional significance of ZFAS1 in PTC.
In this study, we investigated the expression of ZFAS1 in PTC tissues and cell lines. Furthermore, ZFAS1 expression levels in PTC tissues and its association with clinicopathological features were analyzed. Gain-of-function and loss-offunction experiments were performed to investigate the biological function and underlying mechanism of ZFAS1 in PTC progression.
Materials and methods

Ethics statement
This study protocol was approved by the Ethics Committee of The First Affiliated Hospital of Nanjing Medical University. In accordance with the Declaration of Helsinki, all patients provided informed consent forms and agreed to participate in this study. Animal experiments were also approved by the Animal Ethical and Welfare Committee of Nanjing Medical University.
Tissue samples
Eighty pairs of PTC tissues and paracancerous thyroid tissues were obtained from patients (Including 21 males and 49 females, the average age of males and females is 39 ±10.5 and 46±11.3 years respectively) who were diagnosed with thyroid cancer and underwent surgery at the Department of Thyroid Surgery of The First Affliated Hospital of Nanjing Medical University from August 2016 to June 2017. In all samples, the pathological results were confirmed by three pathologists. None of the patients was on radiotherapy or chemotherapy before surgery. All fresh tissues were frozen in liquid nitrogen before use.
Cell culture
The human PTC cell lines, IHH-4 and TPC-1, were obtained from the Department of Endocrinology of The First Affiliated Hospital of Nanjing Medical University (Nanjing, Jiangsu). The human PTC cell line K-1, B-CPAP and human thyroid follicular epithelial cell line Nthy-ori 3-1 were a gift from Professor Hao Zhang (Department of Thyroid Surgery of The First Affiliated Hospital of China Medical University, Shenyang, Liaoning). All cell lines have been approved by the Ethics Committee of the First Affiliated Hospital of Nanjing Medical University. The BCPAP was kept in RPMI 1640 medium (Hyclone, USA) supplemented with 10% heatinactivated fetal bovine serum (FBS) (Gibco, USA). The Nthy-ori 3-1 was maintained in RPMI 1640+2 mM glutamine +10% FBS. The TPC1 was maintained in DMEM high Glucose medium (Hyclone, USA) supplemented with 15% FBS. The K1 was maintained in DMEM supplemented with 10% FBS. IHH4 was maintained in a mixture (1:1) of RPMI 1640 and DMEM supplemented with 10% FBS. All cells were cultured at 37°C in a humidified atmosphere with 5% CO 2 .
Cell transfection
Commercially available lentiviral vectors were used to construct the LV2-hsa-miR-590-3p-mimic vector (miR-590-3p mimics) and the LV2-hsa-miR-590-3p-inhibitor vector (miR-590-3p inhibitor) (GenePharma, Shanghai, China). The mimics and inhibitor of miR-590-3p used to overexpress or knockdown the expression of miR-590-3p. ZFAS1-small interfering RNA (si-ZFAS1) and negative control siRNA (si-NC) were purchased from GenePharma (Shanghai, China). The ZFAS1 sequences were cloned into pcDNA3.1 vector (Invitrogen, USA). The empty pcDNA3.1 vector was used as the control. Cells were seeded in sixwell plate the night before to give 80~90% confluence for plasmid and 40~50% for miRNA at the day of transfection. The following day cells were transfected with miR-590-3p mimics (50 nM), miR-590-3p inhibitor (100 nM), mimicsnc (50 nM), inhibitor-nc (100 nM), pcDNA3.1-ZFAS1 (4.0 μg), pcDNA3.1-empty (4.0 μg), si-ZFAS1 (50 nM) or si-NC (50 nM) respectively. Lipofectamine 3000 (Invitrogen, Carlsbad, CA, USA) was used to facilitate transfection in TPC-1 and K-1 cells according to the manufacturer's protocol. The transfected cells were harvested 48 h after transfection.
Total RNA isolation and quantitative real-time reverse transcription PCR (qRT-PCR)
RNA was extracted from cells and tissue samples using TRIzol reagent (Invitrogen, Carlsbad, CA, USA), and then the reverse transcription kit (PrimeScript RT Master Mix, TaKaRa, Japan) was used to transcribe total RNA to cDNA according to the manufacturer's instructions. For miR-590-3p, the total RNA was polyadenylated and reverse-transcribed using TaqMan MicroRNA Reverse Transcription Kit. QRT-PCR was carried out with the SYBR Premix Ex Taq kit (TaKaRa, Japan) on the StepOnePlus™ Real-time PCR system (Applied Biosystems, Foster City, CA, USA) to detect the expression of ZFAS1, mir-590-3p and HMGA2. The reaction system inculing: 5 μL of SYBR Premix Ex Taq II, 0.2 μL of forward primer, 0.2 μL of reverse primer, 1 μL of cDNA template, and 3.6 μL of ddH 2 O. The reaction conditions of PCR were as follows: 95°C pre-denaturation for 2 min followed by 40 cycles of 95°C denaturation for 15 s, 60°C annealing for 30 s, and 72°C extension for 30 s.The reaction conditions of PCR were as follows: 95°C pre-denaturation for 2 min followed by 40 cycles of 95°C denaturation for 15 s, 60°C annealing for 30 s, and 72°C extension for 30 s. For ZFAS1 and HMGA2 expression, GAPDH was used as the internal control. For mir-590-3p expression, U6 snRNA was measured as the reference standard. The relative expression level of the targeted genes was calculated and normalized using the 2 −ΔΔCt method. All experiments were repeated three times. All primers sequences were as follows: ZFAS1 forward 5ʹ-AACCAGGCTTTGATTGAACC-3ʹ, reverse 5ʹ-ATTCCATCGCCAGTTTCT-3ʹ; mir-590-3p forward 5ʹ-AAAGATTCCAAGAAGCTAAGGGTG-3ʹ, reverse 5ʹ-CCTAACTGGTTTCCTGTGCCTA-3ʹ; HMGA2 forward 5ʹ -GCGCCTCAGAAGAGAGGAC-3ʹ, reverse 5ʹ-GGTCTCTTAGGAGAGGGCTCA-3ʹ; GAPDH forward 5′-GGTCTCCTCTGACTTCAACA-3′, reverse 5′-GTGAG GGTCTCTCTCTTCCT-3′; U6 forward 5′-CTCGCTTCG GCAGCACA-3′, reverse 5′-AACGCTTCACGAATTTGC GT-3′.
Cell viability assay
The proliferation of TPC-1 and K-1 cell lines after transfection with plasmids, siRNAs, mimics or inhibitor was determined using the Cell Counting Kit-8 (CCK-8) assays and Ethynyldeoxyuridine (Edu) assays. For CCK-8 assays, the cells were cultured in 96-well plates at a density of 2×10 3 cells/well. At 1, 2, 3, 4 and 5 days, 10 μL of CCK-8 reagent (Dojindo, Kumamoto, Japan) was added to each well according to the manufacturer's instructions. The plate was incubated for 2 h with 5% CO 2 at 37°C and then cell viability was determined by measuring the absorbance values at 490 nm using a spectrophotometer (Olympus, Japan). For Edu assays, the transfected cells (4×10 4 cells/well) were seeded on 96-well plate. Fortyeight hours after transfection, 20 μM Edu labeling media (KeyGENBioTECH, Nanjing, China) was added to the 96well plates, which were then incubated for 2 h at 37°C and 5% CO 2 . After treatment with 4% paraformaldehyde and 0.5% Triton X-100, the cells were stained with an anti-Edu working solution. The cells were analyzed by fluorescence microscopy and the percentage of Edu-positive cells was calculated.
Flow cytometry assay
For cell apoptosis assay, cells were transfected under different conditions. Approximately 48h after transfection, the cells were harvested and washed twice with PBS. After treatment with trypsin (without EDTA), cells were fixed with 70% ice-cold methanol at 4°C for 30 min. Then, cells were resuspended in binding buffer and the cell suspension was stained with 5 µL of Annexin V-FITC (Beyotime, Nanjing, China) reagent, followed by incubation in a dark place at room temperature for 15 min. Next, 1 µL of propidium iodide (PI, 50 µg/mL) (Beyotime, Nanjing, China) was added and gently mixed, followed by incubation in a dark place at room temperature for 5 min, and submission for detection. Flow cytometry (FACScan, BD Biosciences) equipped with Cell-Quest software (BD Biosciences, San Diego, CA, USA) was used to analyze the apoptotic cells.
Luciferase reporter assay
The 3ʹUTR sequence of ZFAS1 containing the putative miR-590-3p binding site was amplified using qRT-PCR and cloned into a pmirGLO Dual-luciferase Target Expression Vector (Promega, Madison, WI, USA) to form the reporter vector ZFAS1-wild-type (ZFAS1-Wt). The mutant 3ʹ-UTR sequence of ZFAS1 was designed and the ZFAS1-mutant-type (ZFAS1-Mut) was generated in a similar manner. HEK293T cells were seeded on 24-well plates for 24 h. Afterwards, ZFAS1-Wt and ZFAS1-Mut were transfected into HEK293T cells with miR-590-3p mimics or miR-NC (GenePharma, Shanghai, China) using Lipofectamine 3000 (Invitrogen) according to the manufacturer's instructions. Forty-eight hours after transfection, luciferase activity was measured by the Dual-Luciferase Reporter Assay System (Promega). Additional Luciferase reporter assays were performed as described above to determine the direct binding of miR-590-3p to HMGA2 3ʹUTR.
RNA-binding protein immunoprecipitation (RIP) assay
RIP assays were performed to explore the interaction between ZFAS1 and miR-590-3p using EZMagna RIP RNA-binding protein immunoprecipitation kit (Millipore, Billerica, MA, USA) according to the manufacturer's protocol. Human PTC cells subjected to different treatments and then lysed using RNA lysis buffer containing protease inhibitor and RNase inhibitor. The cell lysate was incubated with magnetic beads conjugated with human Ago2 antibody (Millipore) or negative control IgG (Abcam, Shanghai, China). After overnight incubation at 4°C, the coprecipitated RNAs were reverse-transcribed and analyzed by qRT-PCR.
Western blot analysis
Total proteins were extracted from PTC cells by RIPA buffer (50 mm Tris-HCl, 150 mm NaCl, 1 mm EDTA, 0.1% SDS, 1% Triton X-100, 0.1% sodium deoxycholate) containing a proteinase inhibitor cocktail (Beyotime, Nanjing, China). The proteins were subjected to SDS-PAGE and then electrophoretically transferred to PVDF membranes. Membranes were incubated with 5% nonfat milk for 2 h at room temperature before they were treated with antibodies overnight at 4°C. The primary antibodies used in this study included: rabbit anti-GAPDH (1:5000, CST), rabbit anti-BAX (1:1000, CST), rabbit anti-BCL-2 (1:1000, CST) and rabbit anti-HMGA2 (1: 1,000; Abcam, Cambridge, MA, USA). Thereafter, the membranes were washed and incubated with horseradish peroxidase-linked secondary antibody for 2h at room temperature. The protein blots were visualized using the enhanced chemiluminescence (ECL) detection system. Image J software was used to quantify the protein levels. The experiments were repeated three times.
In vivo xenograft tumor growth
All animal procedures were performed in accordance to the protocols approved by the Animal Care Committee of the Nanjing Medical University. K-1 cells were transfected with lentivirus vector of siRNA-ZFAS1 (sh-ZFAS1) or negative control, TPC-1 cells were transfected with pcDNA-ZFAS1 or negative control. A total of 16 male BALB/c nude mice (4 weeks old) were randomly divided into 4 groups (4 mice in sh-ZFAS1 group and 4 mice in control group, 4 mice in pcDNA-ZFAS1 group and 4 mice in control group). Approximately 2×10 6 cells subcutaneously were injected in rear flank of nude mice. The tumor size was tested every seven days according the formula: V (mm 3 ) = width (mm) 2 × length (mm)/2. After 4 weeks, the tumours were removed and photographed.
Statistical analysis
The RNA-seq data of 509 tumors and 59 matched normal samples were downloaded from UCSC xena (https://xenab rowser.net/datapages/), the dataset ID: TCGA-THCA/ Xena_Matrices/TCGA-THCA.htseq_fpkm-uq.tsv. Statistical analyses were performed by using the SPSS 22.0 software. Student's paired t-test (for two-group data) or post-ANOVA followed by Student-Newman-Keuls (for more than twogroup data) and the chi-square test were used for the analysis of differences. P<0.05 was considered as statistically significant. Pearson's Correlation Coefficient was used to assess the relationships among the levels of ZFAS1, miR-590-3p and HMGA2. All the experiments were repeated three times.
Results
ZFAS1 was upregulated in PTC tissues and cell lines
To explore the roles of ZFAS1 in thyroid cancer, we initially determined the level of ZFAS1 expression using the TCGA database. [27] [28] [29] As shown in Figure 1A , the 
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OncoTargets and Therapy 2019:12 expression of ZFAS1 was significantly upregulated in thyroid cancer tissues (P<0.0001). Next, we detected the expression of ZFAS1 in 80 paired PTC and adjacent noncancerous tissues by qRT-PCR. The data showed that, compared with noncancerous tissues, ZFAS1 was markedly upregulated in PTC tissues ( Figure 1B ). As shown in Table 1 , we analyzed the correlation between ZFAS1 expression level and clinicopathological features of the 80 patients. The results indicated that high expression of ZFAS1 was associated with larger tumor sizes (P=0.011). Moreover, the qRT-PCR results indicated that the expression level of ZFAS1 was significantly increased in the four PTC cell lines (B-CPAP, IHH-4, TPC-1, and K-1) compared with non-tumor thyroid follicular epithelial cell line Nthyori 3-1 ( Figure 1C) . These results implied that ZFAS1 is associated with development and progression of PTC. Because the expression level of ZFAS1 was highest in K-1 cells and lowest in TPC-1 cells ( Figure 1C ), we downregulated ZFAS1 expression in K-1 cells by si-ZFAS1 and upregulated ZFAS1 expression in TPC-1 by pcDNA-ZFAS1. The transfection efficiency of siRNA and plasmids were confirmed by qRT-PCR ( Figure 1D and E).
ZFAS1 promotes PTC cell proliferation and inhibits apoptosis in vitro
The CCK-8 and Edu assays showed that downregulating ZFAS1 inhibited cell viability in K-1 cells compared to si-NC group (Figure 2A and C) , and overexpressing ZFAS1 enhanced cell viability in TPC-1 cells compared to empty vector group ( Figure 2B and D) . There are many factors that influence cell growth, such as cell senescence, apoptosis and cycle, etc. In this study, we explored the effects of ZFAS1 on PTC cell apoptosis. The results showed that the apoptosis rate of K-1 cells was increased in si-ZFAS1 group compared with si-NC group while that of TPC-1cells was decreased in pcDNA-ZFAS1 group compared with the empty vector group (Figure 2E ). The Western blot assay was conducted to detect the expression levels of apoptosis-associated proteins, including BAX and BCL-2. We found that si-ZFAS1 decreased the protein level of BCL-2 and increased the protein level of BAX in K-1 cells. Additionally, pcDNA-ZFAS1 promoted BCL-2 protein expression and inhibited BAX protein expression in TPC-1 cells ( Figure 2F ). These findings implied that ZFAS1 influenced tumor growth in PTC progression.
ZFAS1 negatively regulated miR-590-3p
Recent studies found that lncRNA might act as a competing endogenous RNA (ceRNA) to regulate the expression and function of miRNAs. In this study, the bioinformatics online tool Starbase v2.0 (http://starbase.sysu.edu.cn/) was used to predict the complementary region at the 3ʹ-UTR of ZFAS1 and miR-590-3p ( Figure 3A) . Moreover, based on the luciferase reporter assay, we confirmed that overexpression of miR-590-3p reduced the luciferase activity of ZFAS1-Wt, but this effect was not observed in ZFAS1-Mut ( Figure 3B ). Results of qRT-PCR assay showed that si-ZFAS1 transfection significantly increased the expression level of miR-590-3p in K-1 cells and pcDNA-ZFAS1 transfection decreased the expression level of miR-590-3p in TPC-1 cells ( Figure 3C ). To support these observations, we examined the miR-590-3p expression in PTC tissues. We found that miR-590-3p was significantly decreased in PTC tissues compared with adjacent normal tissues ( Figure 3D ). Pearson's correlation analysis revealed that ZFAS1 was negatively correlated with miR-590-3p expression in 80 PTC samples ( Figure 3E ). The qRT-PCR results showed that the expression level of miR-590-3p was significantly decreased in the four PTC cell lines compared with non-tumor thyroid follicular epithelial cell line Nthy-ori 3-1 ( Figure 3F ). RNA immunoprecipitation experiments comfirmed that both miR-590-3p and ZFAS1 were present in the Ago2-pulled down pellet ( Figure 3G and H) . Collectively, these results suggested that miR-590-3p targeted the 3ʹ-UTR of ZFAS1 and was negatively correlated with ZFAS1 expression.
ZFAS1 promotes PTC cell proliferation and inhibits apoptosis by targeting miR-590-3p in vitro
To determine whether the effects of ZFAS1 were mediated by miR-590-3p, we performed rescue experiments using the CCK-8 and Edu assays. The results demonstrated that knockdown of ZFAS1 decreased K-1 cells proliferation, while co-transfection of miR-590-3p inhibitors and si-ZFAS1 eliminated the effects caused by si-ZFAS1 ( Figure 4A and C) . Similarly, co-transfection of miR-590-3p mimics and pcDNA-ZFAS1 abolished the increase in proliferation of TPC-1 cells caused by pcDNA-ZFAS1 ( Figure 4B and D) . As shown in Figure 4E , the rate of apoptosis in K-1 cells was increased in si-ZFAS1 group, while that of the co-transfected si-ZFAS1 and miR-590-3p inhibitors groups was decreased. Furthermore, the rate of apoptosis in TPC-1cells was decreased in pcDNA-ZFAS1 group, while the rate of apoptosis in the co-transfected pcDNA-ZFAS1 and miR-590-3p mimics groups was increased. The protein levels of BAX and BCL-2 showed a similar trend to the above results ( Figure 4F and G) . Together, these results indicated that ZFAS1 promoted the progression of PTC cells by regulating miR-590-3p.
ZFAS1 promotes HMGA2 expression by regulating miR-590-3p
Using bioinformatics software (miRanda and TargetScan), we found that HMGA2 contains the binding sites for miR-590-3p. Two potential binding sites for miR-590-3p, 3ʹUTR- 
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HMGA2-WT and 3ʹUTR-HMGA2-MUT were constructed in HMGA2 luciferase reporter gene vectors ( Figure 5A ). Luciferase assay demonstrated that overexpression of miR-590-3p suppressed the luciferase activity of 3ʹUTR-HMGA2-WT but not 3ʹUTR-HMGA2-MUT in HEK293T cells ( Figure 5B ), suggesting that HMGA2 was a direct target of miR-590-3p. Transfection of pcDNA, pcDNA-ZFAS1, miR-590-3p mimic, and pcDNA-ZFAS1+ miR-590-3p mimic into TPC-1 cells showed that miR-590-3p mimic reduced the mRNA level of HMGA2 in TPC-1 cells, but co-transfection with pcDNA-ZFAS1 and miR-590-3p mimic reversed these effects ( Figure 5C ). Transfection of si-NC, si-ZFAS1, miR-590-3p inhibitor, and si-ZFAS1+ miR-590-3p inhibitor into K-1 cells revealed that miR-590-3p inhibitor promoted the mRNA level of HMGA2 in K-1 cells, but cotransfection with si-ZFAS1 and miR-590-3p inhibitor eliminated these effects ( Figure 5D ). We further measured the HMGA2 expression in PTC tissues. We observed that HMGA2 was significantly increased in PTC tissues compared with adjacent normal tissues ( Figure 5E ). Additionally, Pearson's correlation analysis showed that HMGA2 expression was inversely correlated with miR-590-3p expression in PTC tissues ( Figure 5F ). In contrast, HMGA2 expression was positively correlated with ZFAS1 expression in PTC tissues ( Figure 5G ). Similar results were obtained in Western blot analysis ( Figure 5H and I) . These findings showed that ZFAS1 upregulated the HMGA2 expression by downregulating miR-590-3p in PTC cells.
ZFAS1 promotes PTC cell proliferation in vivo
To investigate the role of ZFAS1 on PTC tumor growth, we performed a xenograft model experiment in vivo. Results showed that sh-ZFAS1 markedly decreased the tumor volumes compared to the control group ( Figure 6A and B) , the pcDNA-ZFAS1 prominently increased tumor volumes compared to the control group ( Figure 6C and D) . Thus, these findings indicate that ZFAS1 could promote PTC growth in vivo.
Discussion
In our present study, we found that ZFAS1 was remarkably upregulated in PTC tissues and cell lines. Moreover, functional analysis showed that ZFAS1 promoted PTC cell proliferation, but inhibited apoptosis. Additionally, mechanistic experiments demonstrated that ZFAS1 triggers tumor-promoting effects through the miR-590-3p/ HMGA2 axis in PTC.
Multiple studies have reported that lncRNAs play vital roles in the initiation and development of various cancers. But, fewer studies have investigated their contribution to PTC. In previous reports, it was found that upregulation of ZFAS1 promoted cell proliferation and inhibited apoptosis in Acute Myelocytic Leukemia cells. 30 ZFAS1 promotes glioma cell progression by activating the Notch signaling pathway and is associated with poor prognosis in patients with gliomas. 31 Knockdown of ZFAS1 inhibits the proliferation, cell cycle progress, migration, invasion, and EMT due to inactivation of the Wnt/β-catenin signaling in gastric cancer cells. 32 Delivery of ZFAS1 by exosomes promotes gastric cancer cell proliferation and migration and therefore it may be used as a diagnostic biomarker for gastric cancer. 33 ZFAS1 was highly expressed and may serve as a potential biomarker for predicting the prognosis of thyroid cancer. 34 In the current study, we found that ZFAS1 was upregulated in PTC tissues and cell lines, and the high ZFAS1 expression was correlated with tumor sizes. These data sets suggested that ZFAS1 is dysregulated in PTC, and might function as an oncogene in the tumorigenesis of PTC. To explore this hypothesis, the function of ZFAS1 was investigated using different experiments. We observed that ZFAS1 promoted cell proliferation and inhibited PTC cell apoptosis. We showed that ZFAS1 promoted tumor growth in vivo. Thus, these results indicated that ZFAS1 acted as an oncogene in PTC.
Other studies indicated that lncRNA containing miRNA binding sites could act as competitive endogenous RNA (ceRNA) 35 and some studies demonstrated that lncRNA and miRNA interact. [36] [37] [38] In bladder cancer, ZFAS1 promotes cell proliferation, invasion and inhibits cell apoptosis by sponging miR-329. 39 Similarly, ZFAS1 enhances epithelial ovarian cancer cell proliferation, migration, invasion, and chemo-resistance by directly binding to miR-150-5p which targets Sp1. 40 In the present study, we identified miR-590-3p as a direct target of ZFAS1 using the luciferase activity and RIP assays. Moreover, we found that low miR-590-3p expression was negatively associated with higher ZFAS1 expression in PTC samples. Further experiments demonstrated that ZFAS1 knockdown up-regulated the mRNA level of miR-590-3p while overexpression of ZFAS1 had an opposite effect in PTC cells. Previous studies showed that miR-590-3p functions as a tumor suppressor in various cancers. 41, 42 Our results are consistent with these previous findings. Furthermore, we found that ZFAS1 promoted PTC cell proliferation in addition to preventing cell apoptosis by negatively regulating miR-590-3p. Thus, these results revealed a novel regulatory target for ZFAS1 in PTC.
Previous investigations have shown that HMGA2 gene is a novel molecular marker that can distinguish benign from malignant human thyroid nodules. [43] [44] [45] In addition, miRNA-204 was found to inhibit the proliferation of in thyroid cancer cells by targeting HMGA2. 46 In this study, we used predictive tools and luciferase reporter gene assay analysis to demonstrate that HMGA2 is a target of miR-590-3p in PTC cells. Moreover, the expression of miR-590-3p was inversely correlated with HMGA2 expression in PTC tissues. These results impiled that ZFAS1 knockdown inhibited HMGA2 expression, while co-transfection of miR-590-3p inhibitor and si-ZFAS1 reversed the effects induced by si-ZFAS1. Up-regulating ZFAS1 expression enhanced HMGA2 expression, but co-transfection of miR-590-3p mimic and pcDNA-ZFAS1 reversed the effects induced by pcDNA-ZFAS1. Thus, these results showed that HMGA2 was a direct downstream target of ZFAS1.
In conclusion, this study presents a novel mechanism of ZFAS1 in the tumorigenesis of PTC. We demonstrate that ZFAS1 is increased in PTC tissues and cell lines. ZFAS1 promoted PTC cell growth and inhibited cell apoptosis in vitro. Our in vivo animal study data also showed that ZFAS1 promoted PTC cell growth. Furthermore, these data-sets shows that ZFAS1 directly interacts with miR-590-3p to influence PTC cell proliferation and apoptosis in vitro. Moreover, we confirmed that ZFAS1 inhibited HMGA2 expression by sponging -miR-590-3p in PTC cells. Our findings reveal that the ZFAS1/miR-590-3p/HMGA2 axis is involved PTC cell growth nd apoptosis, which indicates that this pathway might be a potential therapeutic target for PTC treatment. 
